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Millinm of p mmil.% jut spent ycuflyen manufacturing i 
and dye? and u'-ina Them on every land of produce. CoJi 
an important jrai of mw lives. We meet with few mano- 
facrured obieirte that have not been submitted to ope coJcoi- 

seclna colour* ever trax wewere born we 
are perhaps mdiiiod tn take them for jrmated, but il k one of 
the vimns of ihf aMst and the sdcmki to be aide lo loci 
at fnmilkr thing?; ;■ if aedng them foe the firw time. 

Think, hmi inmEirariiiw the irorid would wm.ti if we were 
'.'.idiknly deprived of o<«r souse of colnnt and mw thing 
in neya like a hbok-acd-vrliiie phouigiaph. This in liow a 
dog sen his suETOUivin^Sj hoc dogs with their highly drveb 
ped sense of smell live in an T'-irinjf world of «XHL Smell 
U The deg* a- domimmt sen;c t ibe enewbidi most mburnect 
him in hit doily life, A dog, $o tp apeak* lim by his muse. In. 
the fl:tme way T man lives by hit eyes, 

W C or.e our tcrrec of col om 'eve rywl i ere. When a traffic 
t . coal '■howi re-J we stop she car; when ti Is green we drive on, 
We cliscLnipikh things, by ihek colours : tliat blue boot* that 
red bus, that girl with green eyes. Vivid Co-intir* milks thing! 
IShe flag* more, easily rcCuenkhbk « a distmeb. In everyday 
hfe coToyr ip often, a form, of language and, iu with idl furrm 
of language, ive soon |etm to respond ermiiknally maul Into' 
itLlecitinLly in Li, and to rely cn om- Eespocna, \Ve respond 
in colour when Inching at a painting, nr when in the labor ■ 
«eny watching, a piece of ivtrnui paper change entour. Try 
comparing a black-aod-whitE reptndtislkm of a piihiliag 
with its original in an art cd I cry 11ml r.ec if yraj. cap otp-bm ihe 
difference. What ii rmaaing from the photograph' 

How do we see chIjlles? Do we all see the same colours ? 
And what ti odour? 


An BHpnri monl to show that 
bea3 Ld it see bk-o 


the nature of 

colour 

V rsion - When W 4 sec rhings. what we really see h light 
reflected from matter. This is huw we discern nhj,ccrs, unlike 
bats, who ihsuetn objects- by hearing sound reflected from 
[hem. When we sec colours, WO are In fed reading to 
coloured light, 

The ability to react to light md LO distinguish colours is 
probably connected with the development of consciousness 
in Heine creatures. Some very simple organisms exhibit 
sensitivity to light, moving towards or away from it. Ot tiers, 
Like the worm, have developed patches on I heir bodies '*'h i.eh 
arc chemically seoshivt to light. The earliest fossil remains 
to give an impression of True eyes arc the trilubites, which 
fiouiisftc-d in The Cambrian slm& shout 500 million years ago. 

The partem of colour vision varies from one animal to 
mother. We can identify the colours animals see by experi- 
ments in which food is put on differently coloured discs, or 
behind differently coloured doors , One of these experiments 
is described oo the opposite page. Apan from primates such 
as monkeys, most mammals ;t re completely colour-blind; 
their eyes, in varying degrees, are adapted to simple vision 
rather r han CO the perception of colour. A red rag to a bull 
really appears pale grey: IF is the brightness, uOI the colour, 
that infuriates him, and a white rag would be even more 
effective. Nearly ad birds have dilhcuky in seeing blue and 
they do not see violet at all. 

The retina - the pan of the eye wbkh porrespunds Lo the 
sensitized film of a camera - usually contains. (WO different 
kinds of CClb in differenc combinations. Cells of one kind, 
known as rods, respond SOtKirivcJy to light, and eyes well 
endowed with them can sec by moonlight and even starlight. 
The eyes of owls have a large number of rod edit, in their 
retinas. The second kind of cclLs are known as tOEKS, a nd arc 
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Many rniiyim arn causeirl by 
i liedtifyrKfl oHecEB- a in ihia 
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iipht *1rijii#tiifl iN. Film of oil, 
:onn? llghr waves un- :-■! (acted 

!rorn "I '! :np jerlaca -1 Ifn: film 
31*3 KVIV: n I re Uotl»n 
zui luce, : ha rtll^L'S’J wave* 
may .r lerTonn' wi In parti “ll'in t 

inr fllirm naUi tno colon r of a 
\ ii Iici. ,:ir wii.-’Kltr-:;! •• - bay 
Wufl. WFim» t/iijfl Itgiii ii sub • 
iracted horn wMa light, ine 
dSfour rioi l 'io ■■ys net: *i 
K'nlicw Venations m [ha 
Oliikn&aa or U y film Will laSol! 
in ‘hn o'lmnnlion of deform!; 
colour wsvnler-gths and our 

.ruing dlPfartCtt cOl:: .ir:s. 

IniBrinmnco colours can b» 
scan, lor artapiple, on aoap 
huoble? anil nn thn !n; t'lor: ...I 
O-rds I oev can no rocognlMd 
Lacan;'. l;'"-y cha*|gc>nS.Wc movfc 
ffevwurrf Wfchuff , L j, Paypy i'j.-T 


Spoctrn 

Esc 7 ; elBmonL whc-i n >s haaiei. 
pftldurca a c.l aracler ilic 
snoctnim TFia CDl.ouifld li r«s 
■n d'fl apecoa or autantiicHi 
in • ; 1 1 ihn slemanta Hnay contain, 
hare oio rl’-a spacer ol sdra* 
wHI knumn mr.t.-iL sn'l.'nm, 
poMaaium, calcaron. and baminv. 
J. l-v. DsrtJ. Advanced Level 
Rrnc.fcnl Chnmiilry f.J'mhn 
Murr&t) 

4 


less sensitive in light. Thsy can, however, distinguish 
colmirs. Most mamipsLi have bath rndH and canes in the 
retina. but :n man there is a small patch C.ilied [Ik mitcuU j 
which is light-padkcd with cones, ti ih probably this which 
allows !M to -see find] j wide ranj^c of colours. 

Caiiwrtd J^ftr-WhflT is the difference between one colour 
n-pd another ? Why i ft red I Loh l red ? Why in white light white ? 
In whal property of Eight nuiSL We Switch for these differ- 
ences of colour ? It is three hundred: years unec Issne Newton 
Lord the foundations uf an experiment h method for studying 









the differences between bg.bt of different colours, This ts 
lww be described m otperimern hr. carried out in 16ii6. 

7 procured me a triaisguis.r glass prism, rn try rheicwiTfl 
The cctetu’atftl pli^CUomeilfl of colour-, And in order thereto, 
having darkened my chamber, and rrtiide. S small hole in mj 
window-shuts, to let in a convenient quantity of the sun's 
light, 1 placed my prism it its entrance, that it might be 
(hereby refracted to the opposite wall. It was ai Hist a very 
pleasant divertisement to view the vivid and intense colours 
produced Lhere by . . , ' 



Nearly 1 50 years later came the discovery 1 hat colours ocisl 
that are invisible to man. In R00 Sir William Hertthel used 
[hcnnoineters to take the temperature of the sun's light 
refracted through a privm, and was smprised to find that 
Che hottest parL occurred outside the red bund of ihe spcc- 

cruni tin as day you can very easily repeat his discovery 

of infra-red radiation. 


The: JbSLowrng year a German scientist. Johann Ritter, was 
studying the chemical react ion caused by exposing silver 
chloride to sunlight. He found that,, while violet was the 
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visible light that canned Tile strongest reaction there was a 
hand beyond ihe violet which produced on e^ vo SltOUger Oltf . 
He hail discovered ulmi-violct Eight. Kces, which arc blind to 
; ed, can see uStra-vioJcr. as a colour. 

Nevrton’s obHh^ions with coloyrfti light, and Hcrsehefs 
and fc:| rcr’s dUacuvcr.^ can nov- be explained hi Leim*. of the 
wave! ike property c: t radiation. A-- the txinbow shews, m rhe 
sky, and . 1 ^ Newton showed an tab I .i horni cryj. white li^hL can 
be separated into colours - violet, inti: go, blue , green, yellow . 
unmet, and red. Bul this is- far i-<*iti being 1 he whole picture, 
for the visible spectrum, we now know, is only pan of a much 
Larger spectrum. Beyond the violsl (the shon-Wlivc' end are 
ulLra-vk'lfl and then X-rays and gamma rays. Beyond the 
red (the king-wave) end there are infra -red an I then radio 
waves. 

All these foetus of radiation are called electromagnetic 
waves. They dl travel ut rile sattu speed (the speed of light; 
5 ■. 1 0'inscc '■), 1 ud fl ic 1 inly difference in Lheir nature is 
thrir different wavelengths. The sections of the electro- 
magnetic spectrum [radio waves, infra-red, visible, etc. : arc 
not dearly separated: each type of ruili.ition merges into its 
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neLghhour*. There is nu diitinCEiort, for dvampU- between 
the longest, inftt-retl waves and the sborLcit radio waves: if 
rhey have the Mine wavelength they •••;..■ FKiialy The 'jmc in 
every other respect. 

!hc fact lhaL all dcclromaitnctlc '.raves huoe an identied 
nature may come as a surprise, since wc know rLvu diflereni 
wavcknglhs have such very Jiil'eraot cflects. I he shortest, 
gamma rays anJ X-rays, CM penetrate through matter. 
Ultra-violet light causes sunburn. White Light is the mixture 
of the wavelengths visible Lo l he human eye. And then there 
is infra-rod radiation - the earner of had - and radar and 
r.idio waves.,, all with different wavelengths. 

Wavelengths am measured to a straight line from crest to 
crest of i) e waves. They cun dc very ieny •: b i s 

short : the range Ls enormous. The gamma my? from r.idio- 
aciit'e substances arc possibly the shortest waves : less than 
10't^qm. Try working this Out hi IratltiotU of a mi Ik me Lie. 
Radio waves are the longto ; waves thousands of metres Song 
ore used Ln broadcasting. In between comes visttiL-: hi frum 
violet (41 X iO-'Wj to red (65 * 10' K cm i. 

The light from the sun comes from the hot incandescent 
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gase;. urn sib surface. The Li _E^h.t from an de£!tric frulti comes 
from, its hoi meted filament, In both of them heat, one- form 
of cocigjj is transformed [btb Eight, another form of energy. 
When a substance is hearted sufficiently it will radiate visible 
%hr, but the warden grim nfrlic Ugbr wUl depend upon rile 
chemical composition of the substance, l'bune tests shew 
this. It yo ; i bed ;t calcium sail in. tk flame of a Bunsen 
burner the dame t ill turn red, while a barium still will make 

in green. Through 9 spectroscope the colours of light 

emitted Lav a bm substance can be distinguished with 
pro" is ion . Spectra, as these pattern* t>F light are called, ore 
often ysen m identify substances. The spectra ■ '('some well- 
known elements are shown on page l. The spectroscope is 
i 1 i ,jsi rated in the Background I)om. : The ChiiiiicaS Ekmi-ut:. 

In towns; where streers are lit with sodium vapour Lamps, 
\ ellow ■ tfS arid ■ eiEow window 'boxes may look yellow, at win 
white surfaces. Bui everything oke - wen brie I red pili.ir 
boJfre - Will look grey or black. The daylight world in which 
we live would appear very different if the Sun were made 
entirely of sodium. 

A bwhing turfoces - la ordinary white Eight, the colours we 
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*ce are usually decided by the properties of the Surfaces which 

reflect light fading on diem. When Light falls cm the surface of 
I subsin ncc, M in t - • w .; v, •:. n$il is ikit is, Some of the coEnurs - 
are absorbed, l'he nest are either reflected or, jf the substance 
is transparent, passed, through. On red surfaces, aliaut all 
except rhe red wavelengths arc absorbed, On blue surfaces^ 
nearly atl except the blue wavelength's arc absorbed., The 
colours wu see are those which are not absorbed, buL reflected. 
White Surfaces reflect light of all colours to a similar degree; 
bla v rfacos absorb nil ■! •. isiblc light. On grcv surfaces 
there some reflet;, no and some absorption of all [be visible 
wiiveb ngi * s!? . hodiujn lamps nuke almost everything appear 
I lack '.'I .. ■ ■• ho:: . -,e tile objects ci nee tried absorb Sodium 
light and do not reflect it So the colour of a substance is 
.I;- l- i mined by jr-. capacity to atwnrb hell? of different 
wavelengths. Many living things an: brightly coloured; the 
pends of a flower, the feathers of a bird, or the wings of a 
butterfly, What factors determine thew colours ? What is the 
'green of vegetation or the "red 1 of blood? Most often, pig- 
mi .« mv fvs pnnsible, tbc ii •'! sof: :t r imes colour is explained 
by interference effects (see pige ■»). En recent times, many 
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chemist* have analysed The pigmenLs to determine what they 
arc made of. I L has been found liiM they are organic milLCnats 
with evtrcttKly complex structures. 

It is no 1 : only the organic substances which MV coloured., 
however. Nearly aJJ the metallic elements rctleci Lipht of ail 
colours ro a ximi Lar extern, and. therefore range irt Co Lour from 
whits to grey. Copper aod gold tire exceptions. Colour l? more 
evident in non-metal lie elements. Chlorine is green; iulphur, 
yellow; bromine, reddish brown; and iodine, purple,. 
Among the hundreds of compounds almost eve ry colour can 
be found. Many of the metal oxides are coloured* for example, 
and sri TOO MC the sulphides. Most conspicuous of all ire the 
compounds of rhe transition metals, nearly all of which arc 
brightly coloured. However, there is no simple patrem to in- 
dicate which substances are coloured and which are not. The 
[ink between colour and chemical composition is not obvious, 
lire ercplsuiarinn .if Lhe colour of a substance involves the 
electronic structure of its mokcules, or of the crystal lattices 
in which the atom S and molecules are arranged. 
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InstirnmrK 
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□f .ul-iIdui-hiJ Mitsiaiirsaa ra 
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ChTQmmtJigTflphy 

ihE separation of substatoas by 
chramalngraphy diinor-ij s. oji Ihn 
use of solvents an? adsorbents. 
fciut. as i it: name throma-in 
grnphv ‘triplic^. r is colour sh>BC 
rayearslht separation. If tb* 
substances tuc ahmady coloured 
35 for (maniple in ctikwophyU, 
tba aeaarai*t:.n is immeamwly 
nppnmrn. ir not IndlcetKHS must 
ba used to bring out tbe colour 
differenCM. 

La: I 1* n separation of suh ■ 
Etarwes m chloipptiyll ims In 
thrM ink? oy paper chromaso- 
grac*iy. 

R:^3l -Ihp separation of sub- 
stances by fnui-iavf 1 chromato- 
graphy. The plate on the left 
i as jusl h-nn ic-r^nrl wth 
Coimh? sed, bromottiymol blue. 
Phe-nc; i ad. «kt a rr.ixturu of .. I 
IJiroe, The plate on Iho ngm 
sto'A-s separation ul die mljdune 

SSir.a twenty minijlflj Iniiw 




part 2 

paints and 

\ dps 

Man has always shown great ingenuity in h.k search fnr 
colour;, to express his Likas and feelings and to brighten 
bis surroundings. The butt from the Altaroira Caves in 
Spain (see page E 7) was painied fiver 12,000 years ago by an 
artist who had to make all his own pigments. The Artw&vn 
Marriage sn the Natiunat Gallery (see page 16] was. pain Led 
by the Flemish artist, Jan van Eyck, in the fifteenth cemury, 
using the new technique nt" nil on egg tempera. The artist is 
not only sensitive to shades ;i:td subtleties of colour to which 
most people are- normally blind* hul tic can make us aware 
of whal he sees. Here van Eyck has painted a number of dyed 
materials, the r ich green of The woman’s dress ofS'sci by the 
darkeF fur and cloth worn by the man, the bed hangings and 
lite carpet, using pigmemi to express what be saw. 

VL-'e use cotnurs to decorote oirr humes and to brighten our 
dothes. Because of this constant demand for colours a Large 
section of rhe chemical industry is devored to manufacturing 
paints and dyes, the two main categories of coloured pro- 
ducts, The difference between them is rhar paints form an 
opaque coloured skin an Lbe surface to which they art 
applied and dyes are incorporated within the structure of a 
substance go as to change its colour. For practical purposes in 
use and manufacture, three qualities can be used lo describe 
any colour accurately: hoe, value, and chroma. I'hcse can be 
better understood by taking a watercolour bos. and mmng 
some paint on the palette. 

Hue — the colour itself s whether red, ye llow 3 or blue* etc. 

Value Eight and dark] 

the amount of black mixed with the hue. 

Chroma strength or weakness \ 

r lie amount of medium [or while) mixed with the 
hue, 
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plants frflm which colouring 
■materials were exthactett - 
especially fa r uh ns dyes. 
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dyew is extracted, 
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MaiiJsi 1 , .1 red dye obtained 
from 1 1 a roots. o[ Ihr madder 
plan, waa used by Lfo a^sior.t 
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recently, for dnmcsrie and industrial paints. The structure 
of animal and vegetable oils is- briefly discussed m the badt- 
ground Book Dei&gwm, They consist of a mhlUK of gly- 
cerides - glycerine hnkid. with fatty adds. With drying oils 
such as linseed, the glyceride?. become osidhed on exposure 
DO air n> form 3 solid film. Linseed oi] take? three nr four 
days to dry, buL die process can be greatly accelerated by 
adding small quantities of Ll‘-rJ or manga nesc, Hy carefully 
heating the ail beforelw fid, if is possible to produce paint 
hints [fiat are bard and glossy. Paints made from oil [reared in 
this way arc known as enamels ■ 

Another essential ingredient of most paints is u 'Ulinner’ - 
to make the paint of a suitable consistency so that it can be 
applied with a brush. The J ttinmeT' must be u substance 
which is so in hie in the liquid medium and which evaporates 
quickly from [be pajnted surface. Tu rpenune, made from the 
tcs.iil of pi nc trees, has been used ' HS a thinner for m any 
centuries. 

Pigments from mcEal compounds mndc into paints with 
linseed oil and turpentine were the basts of the paint Lrade 
until some fitty years ago. By then it had grown from a 
specialized craft in which the artist compounded his own 
colours to a huge industry supplying millions of gallons of 
paim tor domestic and indtLOLlial USC, but ihe ingredients 
remained much the same, fircntually the chemical operations 
which (as described below) had already b rough i great changes 
to the dye industry, were extended to the manufacture of 
pain ts. From [he Large number of dyes that The chemists syn- 
ihcsized, solid pigments were produced by precipitating the 
dyes ivith ft suitable meial salt. Such pigments iOC called lake 
colours and, although the technique of turning dyes- into pig" 
merits is not new, it is only within she last fifty years that paint 
14 
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fflfimi&cmhss have bad a wide range of dye colours to 
{.boose from. 

More recently* Linseed oil in many paints has been replaced 
by n plastic EEiaceraal. Hmulsion paiow consist of partidw n-f a 
plastic {usually polyvinyl acetate} dispersed :n water. When 
die paint is applied to a surface the water evaporates or is 
absorbed* and Erie plastic particles coalesce to form a tough 
film. Other paims based os plastics are made from polyure- 
thane and epovide resin, Even the 'thinner', turpentine, has 
been largely replaced by 4 solvent Called white spirit which is 
derived from petroleum. Only ottlseV paints remain sub- 
stantially as they were; the newer synthetic paints, although 
durable, cheap, and excellent tor general use, temi to lack The 
■subtle tones of natural colours. 

One problem In manufacturing s paint is to make sure chat 
the solid matter is dispersed evenly in the liquid medium. 
This is done by adding a Small amount of the liquid LO the 
solid and grinding it to a smooth paste. In the old days, ihe 
artist did the grinding himself with Si pestle and monaf, 
nowadays it is done in a machine. The paste is then mjjrcd 
with the remainder of the liq nid and the required amount of 
thinner is added, The solid particles, should not be larger 
than the thickness of a cuat nf paint - a thousandth nf an Inch 
or so. As well as the pigment, the solid materials may include 
substances such as china clay which increase the surface arcs 
that the paint will cover without Substantially affecting its 
quality. If The paint has to proper a surface Against corrosion, 
such suhstancts as red lead u-r zinc chromate are also added, 
(see rhe background Book, Corrosion). 

Dy&- The main use of dyes is decorati ve - to colour tebrica, 
U nlike paints, wh ich form blms adhering eo die surface, dye 
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substances (or LiyemiB'& as. they are called) Tins chemically 
linked to- the fibres of the fabric. If they were not held “fast’ 
in this way, they would soon wash out . 

' ["here are many methods of dyeing which vary accoFdi rip; 
to the chemical nature of the dye and the fabric. AE1 of them 
involve the use of dyes that arc soluble in water. In direct 
dyeing which has been possible for less than a hundred 
years, the fabric is simply boiled in a solution of the dye. 
Mordant dyeing involves a third substance, usually an alu- 
minium compound, which forms intermediate links between 
the fibre and the dye. Mordants (biters') provide surfaces on 
which dyes will hold last, la vai dyeing, the fabric is soaked, 
in a colourless solution offbc dye and only when u is exposed 
to the air dues the colour form . 

I )c atr of using dyes ro colour fabrics is almost as old as 
the art of painting. In ancient times, dyes, were extracted from 
plants and animals. The Egyptians and Assyrians, rhe t keeks 
and the Romans were skilled in the urt. The cities of Tyre 
and Shinn were famous for their purple dye which was ex- 
tracted from the shellfish,, murex firandbrtr, Indigo blue Was 
extracted from [he woad plant. The ' safflower" and the 'weld 1 
gave red and yellow dyes and rabid the red dye known as 
madder. Vat dyeing niid mordant dyeing were used to colour 
fabrics. Great skili ls needed to carry our these operations 
but despite the fact that success depends on chemical reac- 
tions that were not then understood, hue results were 
achieved. Sume of the vegetable dyes were extremely 'fast', 
and, although there were only s few ofthcm,a useful range oi 
colours was made by mixing Luc dyes or by using Various 
mordants. Nowadays, logwood is the only natural dye in 
widespread use. 

Modern dyes are synthetic - made in the laboratory . Some 
are structurally similar to natural dyes hut must have nu like- 
nesses in nature.. Synthetic dye*, date from the discovery of a 
'mauve' dye hy W, H- Perkin in H3%. Perkin entered the 
Royal College of Chemistry nt the age of fifteen hi 1853 and 
was set to study some reactions of anthracene. This, like 
many or the. substances being investigated at thh time, was 
obtained from coal-tar, Perkin set about his work with pre-aT 
enthusiasm, carrying out much of il in a 'home laboratory' 
which had nekhei piped water nor gas. During the Easter 
holiday of ib5ti, Perkin attempted iu make the drug quinine. 
We know now ihaL die method he used could not succeed 


because it was based on imperfect ideas about the composi- 
tion and stTucrurc of The substance. 

lie first obtained a reddish-brown precipitate. It Looked 
unpromising, hm Batkin repeated the reaction with a differ- 
ent starling material and produced a black solid mixed with a 
small amount of a purple one. He rheo separated the purple 
substance and found char it had some of the qualities needed 
for i dye. If die story had ended there it would be very much 
to the credit of an cLghrccn-ycar-old chemist, but there is 
more to tell, Perkin proceeded to manufacture the material, 
and his great contribution was the production of an 'artificial 1 
dye in quantity. Called aniline Purple, or mauveine, it 
became immensely popular. Clothing dyed with it was the 
height of fashion. Later cm it was used to dye the ‘lilac' 
postage scamps of nhe period. 

This success was nnt luck. Before starting the manufacture 
of his dye, Perkin. consulted ibe dyeing firm of Messrs PuUars 
of Perth. They carried out tests on his materia! which gave 
encouraging results. He had grounds for hope, therefore, and 
in spite of many difficulties lie set up a factory at Grecnlbrd 
Given, at that time a village in open country in the parish of 
Harrow, Middlesex. By the end of 1357 it was in production, 
When the factory was sold in 1874 it was producing several 
dyes besides ihe original mauve This period saw a transition 
from the trial- and -error search for dyestuffs ro a more syste- 
matic approach based on a better understanding of their 
nature. 

After Perkin's original discovery came the synthesis of 
a natural dye, when Gracbc and Uebermann made alizarin 
(the active colouring matLer in madder) Starting from anthra- 
cene. Hy this rime fhe structure of benzene had been worked 
OUl by Kekole, and many advances were possible. The ben- 
zene ring of six carbon atoms, with hydrogen atoms joined to 
diem, is a feature of the structure of the molecules of very 
many dyestuffs. Without a knowledge of it, the structures of 
many dyes remained obscure. Bur afterwards it was apparent 
that certain groups of atoms La dyestuff moEtxnles were res- 
ponsible for The colour and That others^ though rot causing 
colour by themselves, helped in its production. 

Thus there grew up a great industry producing synthetic 
dyes from Lhc organic chemicals found in coal tar. Tens of 
thousands of dyes have been synthesized and thousands of 
? bese a re produced commercially, Germany first took rhe lead 
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in building up this industry an:.| won a oonun&nding Head by 
the synthesis of the natural dye indigo, The her pan of 
thirty years had been spent to find a Way uf making -a 
synTberic indigo tha: UtmJd tiuinpctc in price with The 
nntmat product an.1 die cost of the research was very 
biT'iir, BuL bj the end of the nioctccni-h cenruiy, synthetic 
Ln-Ji i^d could be sold |m le>-- dun the niiLund product. 

When the First World War cut off snpphes of the dyes 
und other ciicnii teals wliicEi came frota'Gonnifly, 

Other OOtldtiies were forced to stai r making 
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their own. Afterwards the Brilish fheitlicaJ industry achieved 
many sucres^. Among them was chc discovery of Caledon 
jade Green in 3 920.. and of methods fur dyeing the synthetic 
fibre cellulose aerate during the E 920s . Another important 
advance came with the discovery of Lhc pblh alocy ioine pig- 
ments. This, Like Perkin’s discovery of mauve, came about as 
the result of rhe persistent pursuit of a chance discovery. The 
first of these ™luur, T called Mon&srral Blue, was marketed in 
19.34- As well as in dyes,, lL is used in p-dinl-s, for colouring 
plasLics and rubber, aisd for colour printing of paper, 

One of the problems of dyeing has always been the hiring 
of the dyestuff to the fabric. Dyes, found in rhe past to be 
excellent for Wool, Si Ik, or cotton, may be of no use at all with 
the new synthetic fibre*. Fortunately die chemical structure 
of these fibres is known, so that a guess at a suitable dye can 
often be made. For example, irt the repealing unit of nylon 
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shown in the diagram, the hydrogen atom joined io a mtro- 
jren atom provides a point at which a dye molecule with acidic 
properties can be attached. Should a new fibre be found to 
have no suitable points for fixing the pigment, die fibre may 
■wen be altered slightly. 

The need for ojiwtr - We have seen something of the huge 
effort of invention and manufacture that g.o£* into the making 
of paiuta and dye*. But why do we uced these colours 7 W hat 
:-tt'ccn do They have on us 7 J ‘hey -ecm to he a kind of foud for 
our emurions and moods, just as important to US OF food for 
out bodies. We need them to make us lively and cheerful 
Shut yourself in a darkened room and Stay titete lot a long 
time and yuur mOud will probably fie black. Go out into the 
sunshine and police all the subtle effects of colour, light, and 
shade, and yuu Can feel die change for yourself, I‘he more 
attention .you pay in colours, whether as artist ur as scientist, 
the mare enjoyment you will gain ffottl them. Hvcn looking 
op from this hook, after thinking abouL colours, you will 
probahly be aware of un extra brightness in the world 
around you. 
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can see dniroeiserntiid din 
screening proces s which a 
SfinliH Ljiea wlwn I iu is 
wwtgng in tour colours. The 
screen for e-j^h colour {a 
cr-ss- cress I-Trnsh) is ovrateid On 

is pcMscessor at e dittanem 

angle II Iriit ware not dona the 
final reeutt wwstlkr look 'T.imdy' 
and leek definition. 


On iti Orange i acfcfpOtlnd shn 
iHflqakt dull red. hut 

Whirl ir.j Sel ih L’ie TnidsLuf a 
Un^unrqc iricinn i n nmch 
nghtar shndc- I’fitnct dnih starr. 

are the iai-ie i'i^lIC liipjrttly. I . 
h'ft affect wl- II- 'i you KxpfriciiQB 
id an optical lldaion. Cototir 
llionnni; p[ Wthjcfl Ihia ellbtrt 

i; a hy-prwhict had e Emal 

ihElum^e fin pa Into ng balwBen 
thfl wsra- Th-r: German C--CI[ and 
p till da op bar fiw^hs developed 
.1 tbapry l/T pdliidf and 
psnwptior. which wra 1.!kHi up 
by palniwrs and loac^rtol me 
< 3 flri*|.m Etouhaus scNxi. 

Vasail KaruMssky, F^url Was, 
Jphjjmcs I linn and Jusae'i 
A‘ tors ware all . r-j: a ontinr in 
devetofsiftfl! IHdaa new ideas. 







